ABSTRACT -This study aimed to evaluate associations among final weight (FW), average daily gain (ADG), scrotal circumference (SC), and visual score (VS) of beef cattle in performance tests on pasture or in feedlots. Genetic parameters for FW, ADG, SC, and VS of young Nellore bulls performance-tested on pasture or in feedlots were evaluated by mixed model. The performance test and final age were considered as fixed effects and additive genetic and residual effects were considered as random effects. Additive genetic and residual variances for final weight and average daily gain were smaller on pasture than in feedlots. There was no difference between genetic and residual variances and heritability for scrotal circumference on pasture or in feedlots. Genetic variance and heritability for visual score on pasture were smaller than those in feedlots. The posterior means (and highest posterior density intervals with 90% of samples (HPD90) 
Introduction
Performance test is an important tool in beef cattle breeding programs worldwide. The evaluations can be conducted on pasture (Lopes et al., 2013) or in feedlots (Cernicchiaro et al., 2014) . The occurrence of genotype × environment interactions in beef cattle has been well documented in the literature (Burrow, 2012; Guidolin et al., 2012; Raidan et al., 2015; Santana Junior et al., 2015) . Differences in response to selection of the same trait in different environments may occur, especially for traits with low heritability (Raidan et al., 2015) . Nevertheless, there is a lack of knowledge regarding the genetic and residual associations between different traits according to the environment.
Genetic correlation indicates the magnitude and direction of correlated responses to selection. Gene linkage and pleiotropy partially explain the joint variation of two traits (Wisser et al., 2011) . In turn, residual correlation includes associations arising from environmental effects that are not considered in the statistical model and non-additive genetic effects (Kruuk et al., 2000) . The knowledge of the associations between growth, scrotal circumference, and visual score are important in beef cattle breeding programs because they help choose the most efficient methods of selection and selection criteria for each environment. Still, it is possible to reduce the measurement costs and increase profitability in breeding programs by means of the correct choice of selection methods and criteria.
Variances and heritability of the same trait are not constant in different environments (Guidolin et al., 2012; Santana Junior et al., 2015) and covariance may also change because it is variance-dependent. Correlations R. Bras. Zootec., 46(4): [309] [310] [311] [312] [313] [314] [315] [316] 2017 reflect relationships between covariance and variances and if the last two parameters change, the first one may also change. Therefore, associations between traits might change according to the environment. This study aimed to evaluate the associations and efficiency of the indirect selection for growth, scrotal circumference, and visual score of beef cattle in performance tests on pasture or in feedlots.
Material and Methods
The present study was based on data corresponding to 33,013 young Nellore bulls that were subjected to 751 official performance tests by the Associação Brasileira dos Criadores de Zebu (Table 1 The tests conducted on pasture lasted 294 days (70 days for adaptation and 224 days for testing). The tests conducted with the animals in feedlots lasted 168 days (56 days for adaptation and 112 days for testing). The animals were weighed at the beginning and end of the adaptation period and at the end of the testing period. The assessed traits included final weight (FW), average daily gain (ADG), scrotal circumference (SC), and visual score (VS). The VS value for each animal was obtained by adding the scores of body structure (E), precocity (P), muscling (M), navel (U), breed (R), posture (A), and sexual characteristics (S). The visual scores of E, P, M, and U were evaluated by visual appraisal on a scale from 1 to 6, and the R, A, and S traits were evaluated on a scale from 1 to 4. To obtain the VS, the animals that received scores of 5 or 6 for U had their scores converted to 2 and 1, respectively, to reflect the fact that values of 3 and 4 are more desirable. The FW was adjusted to 550 days of age in the performance tests on pasture and to 426 days of age in feedlot tests according to the duration of each type of test. Individual records of each trait that exceeded the intervals given by the performance test means ± 3.5 standard deviations were excluded and all animals from performance tests on pasture or in feedlots with less than 20 and 8 animals, respectively, were also excluded.
The numerator relationship matrix was constructed from pedigree data that consisted of the pedigree of an animal and pedigree of some of its ancestors. The ancestors retained in the pedigree were those that were parents of the animals with data or that were connected to other animals in the pedigree (Toral and Alencar, 2010 h (j) is the coefficient of the linear regression of the final age k, nested in test j, for trait h; Age k is the final age k;
is the mean final age of the animals in test j; a hi is the direct additive genetic effect of animal i, for trait h; and e hijk is the error associated with each observation.
The eight-trait model can be written in the matrix form as:
, in which is the vector of the observations for trait h; X h is the incidence matrix for the fixed effects for trait h; is the vector of solutions for the fixed effects for trait h; Z h is the incidence matrix for the random effects for trait h;
is the vector of solutions for the additive genetic value of each animal for trait h; and is the vector of residuals associated with each observation of trait h.
The uniform prior distribution was assumed for fixed effects ( ); normal distributions were assumed for the random effects ( and );
inverted Wishart distributions were assumed for the covariance matrices (G 0 S a ,v a , and R 0 S e ,v e ), in which G = G 0 A is the genetic covariance matrix; G 0 is the matrix of genetic covariance between the eight traits; R = R 0 I is the residual covariance matrix; R 0 is the residual covariance matrix between the eight traits, with residual covariance between traits h and h' equal to zero (σ e h e h' = 0) every time the traits are not measured in the same environment; v a and v e are the degrees of freedom of the inverted Wishart distribution of the genetic covariances; and S a and S e are the hyperparameters of the inverted Wishart distribution. The full conditional posterior distributions are given in Sorensen and Gianola (2002) .
Gibbs chains of 410,000 iterations were generated for each parameter with a burn-in period of 10,000 iterations and a sampling interval of 200 iterations. Analysis was performed using GIBBS1F90 software (Misztal et al., 2014) . The convergence diagnostics of the chains were conducted using Heidelberger and Welch (1983) and Geweke (1992) tests and the visual analysis of the trace plots was performed using the Bayesian Output Analysis Program -BOA package (Smith, 2005) in the computer program R 2.15.0 (R Development Core Team 2015).
Samples of the posterior distributions of the direct and indirect responses to selection were obtained with the samples of the covariance components, initially considering the selection of 5% of the males with phenotypic data (selection intensity = 2.06). Only the selection of males was considered; therefore, the mean selection intensity used for the calculation of the responses was 1.03. The responses to direct selection were obtained by solving the equation:
, in which ∆G h is the expected genetic gain per generation for trait h; i h is the selection intensity for trait h;
is the heritability for trait h; and σ P h is the phenotypic standard deviation for trait h.
The efficiency of the correlated response (ECR), considering the same selection intensity for all traits, was obtained by: , in which ∆G hh' is the expected genetic gain per generation for trait h upon selection for trait h'; h' is the trait under selection; h is the indirectly selected trait; and r a hh ' is the genetic correlation between traits h and h'. The other terms have been previously described.
Results
The posterior means for additive genetic and residual variances for FW and ADG were higher for animals raised in feedlots (Table 2) . However, heritability for FW and ADG were similar in both environments. The posterior means for additive and residual genetic variance and heritability for SC on pasture or in feedlots were similar (Table 2 ). For VS, the posterior means for additive genetic variance and heritability were higher in animals raised in feedlots, while the residual variances were similar in both environments ( Table 2) .
The genetic covariances were higher for animals evaluated in feedlots, but the highest posterior density interval with 90% of the samples (HPD90) for covariances between ADG and SC and between SC and VS, on pasture or in feedlots, overlapped (Table 3 ). The genetic correlations between traits (FW, ADG, SC, and VS) on pasture were equal to those corresponding correlations in animals evaluated in R. Bras. Zootec., 46(4):309-316, 2017 feedlots (Figure 1) . The change in environment, i.e., pasture or feedlot, did not result in changes of posterior means for covariances or residual correlations between the traits, except for the residual covariances and correlations of FW with ADG and of ADG with VS (Table 3 and Figure 1 ).
The genetic correlations between FW, ADG, SC, and VS on pasture with the same traits in feedlots were positive (Table 4 ). The genetic correlations between FW, ADG, and SC measured on pasture and FW, ADG, and SC, measured in feedlots, were previously presented and explained by Raidan et al. (2015) . The posterior means (and HPD90) for genetic correlation between FW and ADG were 0.74 (0.69; 0.79) on pasture and 0.67 (0.58; 0.77) in feedlots (Figure 1) . These values were higher than the genetic correlation between FW measured on pasture and ADG measured in feedlots (mean of 0.42, with HPD90 from 0.26 to 0.54) and higher than the genetic correlation between FW in feedlots and ADG on pasture (mean of 0.46, with HPD90 from 0.34 to 0.60) ( The HPD90 values of the efficiency of correlated responses on pasture and in feedlots overlapped (Figure 2) . Therefore, the correlated responses obtained for different traits on pasture and in feedlots were similar. The efficiencies of correlated response for each pair of trait were less than one (Figure 2) . These results indicate the superiority of direct selection over indirect selection, except for the indirect response for ADG and VS through selection for FW (Figure 2 ). In these cases, the HPD90 included the value one, indicating that the correlated responses for ADG or VS through selection for FW were similar to direct responses. Table 3 -Posterior means (with highest posterior density intervals with 90% of samples in parentheses) for genetic and residual covariances among final weight (FW), average daily gain (ADG), scrotal circumference (SC), and visual score (VS) of young Nellore bulls tested in performance tests on pasture or in feedlots 
Discussion
The nutritional plan on pasture may limit the expression of genetic differences for the traits evaluated in this work (Hammond, 1947) . The posterior means of heritability for FW (0.46) and ADG (0.25) were lower than the values of 0.73 and 0.31 estimated by Fragomeni et al. (2013) for young Nellore bulls on pasture performance tests and lower than the values of 0.69 and 0.32 estimated by Neves et al. (2014) for young Nellore bulls in feedlot tests. The posterior means of heritability for SC were higher than the values of 0.42, 0.43, and 0.37 estimated by Boligon et al. (2010) , Yokoo et al. (2010) , and Neves et al. (2014) , respectively. Estimates of heritability for visual scores of E (0.26), P (0.34), M (0.28), U (0.43), R (0.18), A (0.06), and S (0.18) were low to high (Lima et al., 2013) .
Genetic differences across populations (from differences in genetic bases and/or differences in selection objectives) and differences in the means and standard deviations of each trait explain part of the differences in the genetic parameters across studies. Nevertheless, heritability for FW, ADG, SC, and VS were moderate to high and indicate that those traits may be used as selection criteria and that phenotypic selection in individual performance tests may result in genetic progress over generations.
The magnitude of the variances affects covariance between traits. Thus, differences in covariances between traits on pasture or in feedlots represent differences in their variances on these environments, suggesting that correlation might be more useful than covariance for evaluation of associations between traits. Genetic (FW, ADG, and VS) and residual variances (FW and ADG) and heritabilities (FW, ADG, and VS) for some traits vary according to the environment, but genetic and residual correlations between traits remained constant. The Nellore population used in this study is under constant evolution and there are no specific lines for pasture or feedlot systems. Thus, we expected gene frequencies in animals on pasture or in feedlots to be very similar. Moreover, the segregation of genes with pleiotropic effects at the same frequencies might explain the constant genetic correlations among FW, ADG, SC, and VS across pasture and feedlots (Sheridan and Barker, 1974; Roach, 1986) .
The genetic correlation between FW and ADG obtained in this study (Figure 1 ) was similar to that of 0.74 reported by Fragomeni et al. (2013) and greater than 0.25 estimated by Lima et al. (2013) for Nellore young bulls on pasture performance tests. The FW is dependent on initial body weight, ADG, and days on test. Days on test were constant either on each pasture or in each feedlots tests and the adaptation period reduced the differences in weight at the beginning of the test. Thus, it is expected that FW and ADG become highly correlated traits.
The genetic correlations between growth traits (FW and ADG) and SC ( Figure 1) were higher than the values of 0.19 (Santana Junior et al., 2012) and 0.38 (Boligon et al., 2011) obtained using field records. Data recording in performance tests is more precise than data recording in field conditions and this difference in precision might explain the higher correlations obtained in our study. The genetic correlation between growth traits and SC indicates that the selection for FW or ADG can be an alternative for improving fertility and sexual precocity in Nellore cattle.
The genetic correlations between growth (FW and ADG) and VS obtained in this study (Figure 1 ) were high. Lima et al., (2013) 87 (0.97) between FW (ADG) and visual scores of E, P, M, U, R, A, and S, respectively, which are components of the VS. Thus, the direct selection for VS implies genetic progress for growth and the selection for growth also implies genetic gain for VS.
The genetic correlations between SC and VS were moderate (Figure 1 ). The genetic correlations between body condition score (BCS) and SC have been reported as positive (Boligon and Albuquerque, 2010) . Moreover, VS values of E, P, M, U, R, A, and S are highly correlated (Lima et al., 2013) . Thus, a positive and moderate genetic correlation between VS and SC is expected and changes in VS and SC can be achieved by direct and indirect selection.
Differences in the genetic bases, means and standard deviations, pleiotropy, and gene linkage can explain differences between the estimates of genetic correlation between traits across populations. The genetic correlation between traits across herds or generations remain constant when pleiotropy is the primary cause (Sheridan and Barker, 1974; Carey, 1988) . However, genetic correlations between traits across herds or generations tend towards change when gene linkage is the most important cause of genetic correlation (Sheridan and Barker, 1974; Carey, 1988) . Gene linkage depends on selection intensity, gene effects, gene frequency, and strength of linkage (Sheridan and Barker, 1974) , factors that might vary across herds or generations.
In general, the genetic correlations, from moderate to high magnitude, indicate that there are favorable associations between the evaluated traits and that the selection for any of the traits provides genetic gains in the same direction for the other traits despite the environment.
The residual correlations were also positive, indicating that the environment acts in a similar way on the various evaluated traits. The posterior means for the residual correlations between FW and ADG and between ADG and VS were higher in animals raised on pasture (Figure 1) , probably because the pasture tests are longer than the feedlot tests.
Genetic variance and heritability for VS were higher for animals raised in feedlots than for animals raised on pastures (Table 2 ) and the posterior mean (and HPD90) for the genetic correlation between VS on pastures and VS in feedlots was lower than the thresholds of 1.0 and 0.8 presented by Falconer (1952) and Robertson (1959) , respectively. This result indicates the presence of a genotype × environment interaction for VS and the breeding values and correlated response for this trait measured on pasture or in feedlot could be different. In fact, the posterior mean (and HPD90) for efficiency for a correlated response for VS on pasture through selection for VS in feedlots was 0.60 (0.50; 0.74), and that for a correlated response for VS in feedlots through selection for VS on pasture was 0.83 (0.68; 0.99). These results confirm that, for the same selection intensity in two environments, the specific environment selection promotes greater genetic gain for this trait.
The positive and favorable trend in genetic correlation between one trait on pasture and another trait in feedlots was observed for all pairs of traits. Thus, the selection to improve one trait on pasture could increase the means of other traits in feedlots (Table 4 ). We did not find studies in the literature that assessed genetic correlations between FW, ADG, SC, and VS in different environments. These associations indicate that it is possible to achieve direct and indirect genetic progress on pasture and in feedlots through selection.
The selection is more efficient in an environment that allows the maximum expression of genetic differences (Hammond, 1947 and Kearney et al., 2004) . However, it is important to highlight that selection intensity also plays an important role in indirect response to selection because the assumption of constant selection intensity across environments is conservative (Raidan et al., 2015) . At times, the selection intensity on pasture may be higher than the selection intensity in feedlots and indirect selection (on pasture) might be as efficient as direct selection (in feedlots).
The results obtained in this study indicate that the same strategy applied for ranking young bulls on pasture might be used for ranking young bulls in feedlots. The moderate to high correlations between FW, ADG, SC, and VS on pasture with FW, ADG, SC, and VS in feedlots (Table 4) contribute to explain these results.
The genetic correlation between FW and initial test weight was greater than the genetic correlation between initial test weight and ADG (0.67 vs 0.33, according to Lima et al., (2013) ). Thus, the indirect response for initial test weight might be higher than the indirect response for ADG, as stated by Fragomeni et al. (2013) . The increase in initial test weight reflects the efficiency of cow-calf operation and the increase of ADG in performance tests reflects the efficiency of the backgrounding operation. The increase of cow-calf and backgrounding efficiencies will increase the beef chain efficiency. However, the performance test is designed to evaluate the performance of animals after weaning and young bulls should be ranked by selection indices with higher relative emphasis for post-weaning traits.
The genetic correlations between average daily gain from birth to yearling (550 days of age) with age at first calving, weight at first calving, and mature body weight were better (-0.38, 0.52 and 0.53) than the genetic correlations between body weight at yearling with age at first calving (-0.24), weight at first calving (0.66), and mature body weight (0.62) (Castro-Pereira et al., 2007a,b) . Moreover, the genetic correlations between scrotal circumference with age at first calving (-0.47 to -0.37), weight at first calving (0.04 to 0.09), and mature body weight (-0.24 to -0.17) (Silva et al., 2000; Castro-Pereira et al., 2007b) are also favorable and indicate that increasing SC by genetic selection will reduce age at first calving, keep weight at first calving unaltered, and reduce mature body weight. Thus, the relative weights of ADG and SC in selection indexes for the ranking of young bulls in performance tests should be higher than the relative weight of FW.
Conclusions
The genetic and residual covariances vary according to the environment, but genetic and residual correlations and the efficiency of the correlated responses for growth, scrotal circumference, and visual scores of beef cattle remain constant on pasture and in feedlots.
